Nonsyndromic familial supravalvular aortic stenosis is an surgery. Of 22 members examined echocardiographically autosomal dominant disorder. However, for many reported who had not had prior surgical repair, 13 had supravalvufamilies, systemafic study of all family members with lar aortic stenosis. Echocardiographic findhtgs ranged echocardiographic or hemodynamic techniques has not widely, from calcification of the ascending aorta in a 71 been performed and degree of penetrance has not been assessed. The supravalvular stenosis in these family memyear old man with minimally increased flow velocity (1.7 m/s) to mild narrowing with mildly increased flow velocity bers usually is not associated with mental retardation or in six members to significant narrowing with impressively other characteristics of Williams syndrome. Although some increased flow velocity (2 to 4 m/s) in seven. In addition, believe that autosomal dominant supravalvular aortic stefour patients had mild narrowing of pulmonary artery nosis is part of the spectrum of Williams syndrome, others branches and eight had peak pulmonary artery flow velocbelieve that these are separate entities. ity above normal. Doppler echocardiograms were analyzed on 23 members of a 34 member family with several known to have supravalvular aortic stenosis; 20 studies were performed by the authors and 3 were done elsewhere and made available for review. No family member had mental retardation, characteristic facies or other findings of Williams syndrome. Three of the 34 had supravalvular aortic stenosis requiring This study demonstrates complete penetrance with extremely variable expression in this family with autosomal dominant supravalvular aortic stenosis and emphasizes the importance of using echocardiographic techniques in study ing the family members who are suspected of having an inherited cardiovascular disease. (J Am Co11 Cardiol1989; 13:413-9) Autosomal dominant supravalvular aortic stenosis has been demonstrated (l-7), but usually only a few affected family members have had visualization of the ascending aorta or direct hemodynamic assessment. The recent advent of high quality two-dimensional echocardiography and Doppler echocardiographic assessment of pressure gradients has provided the opportunity for noninvasive imaging and hemodynamic assessment in large numbers of patients.
To assess the penetrance of this autosomal dominant disorder and to identify the spectrum of cardiovascular defects and of associated somatic features, physical examination and complete two-dimensional Doppler echocardiography were performed on 20 consenting members in three generations of a 34 member family in which several members were previously reported (4) to have evidence of supravalvular aortic stenosis at cardiac catheterization. In addition, tapes of two-dimensional Doppler studies performed at another institution on three members not in attendance were reviewed.
Methods
Subjects. Twenty members (IO male and 10 female) of this 34 member family of Irish-Native American-English descent were examined: they ranged in age from 2 to 71 years (median 8.5). examination including a detailed cardiovascular examination (with determinations of right and left arm sitting blood pressures) before echocardiography. Consenting members were photographed. Echocardiography. Echocardiograms were performed with the use of a General Electric Pass-C machine, 2.5 to 5.0 MHz phased array duplex imaging and pulsed wave Doppler probes as determined by patient size and a 2.5 MHz continuous wave offset imaging pencil probe for suprasternal continuous wave Doppler sampling. Echocardiographers were not aware of cardiovascular findings by physical examination or patient history. Each examination was recorded on 0.5 in. [1.27 cm] VHS videotape. In addition, tapes of echocardiograms performed at another institution on three family members not in attendance were reviewed.
When technically feasible, all members had twodimensional echocardiographic measurement of the left ventricular outflow tract, aortic anulus, aortic root at the sinus of Valsalva, ascending aorta at the sinotubular junction (or its narrowest point), descending aorta below the origin of the left subclavian artery, main pulmonary artery and narrowest portions of the proximal right and left pulmonary arteries. All two-dimensional echocardiographic measurements were made from trailing to leadjng edge.
Doppler-measured
peak blood flow velocities were recorded from the left ventricular outflow tract (pulsed wave), ascending aorta from the apex and suprasternal notch (continuous wave), descending aorta (pulsed or continuous wave), main pulmonary artery (pulsed wave), right pulmonary artery (pulsed or continuous wave) and left pulmonary artery (pulsed or continuous wave). Velocity time integral and ejection time were recorded from the ascending aorta, left ventricular outflow tract and main pulmonary artery.
M-mode measurements of the left and right ventricular cavities, septum, posterior wall of the left ventricle, aorta, aortic valve opening and left atrium were also obtained. Data analysis. Peak aortic and pulmonary artery flow velocities were compared with the normal range of values (aortic: adult 1.0 to 1.7 m/s, children 1.2 to 1.8 m/s; pulmonary: adult 0.6 to 0.9 m/s, children 0.7 to 1.1 m/s) reported by Hatle and Angelsen (8). Maximal instantaneous gradient was calculated with use of the modified Bernoulli equation. Mean ascending aortic velocity was electronically derived from the traced Doppler velocity spectral envelopes, and the mean gradient was derived with use of the modified Bernoulli equation: 4 x (mean velocity)'. M-mode measurements were compared with previously published normal values based on body surface area (9). Two-dimensional echocardiographic measurement of the ascending aorta was compared with previously established normal values for M-mode measurement of the aortic root.
Subjects were class$ed into three groups: Group 1 (normal) included family members who had no twodimensional echocardiographic evidence of significant localized supravalvular aortic narrowing and who had maximal ascending aortic flow velocity within the normal range. Group 2 (mildly affected) included members with mild narrowing of the ascending aorta demonstrated on twodimensional examination and ascending aortic flow velocity at the upper limits of normal or mildly elevated (<2.5 m/s). Group 3 (significantly affected) included members with moderate hourglass deformity of the ascending aorta and Doppler-measured aortic flow velocity >2.5 m/s. All values are expressed as mean t 1 SD.
Results
A family pedigree indicating the patients studied and those found affected is shown in Figure 1 . Table 1 Doppler echocardiography performed elsewhere and of three patients who required surgical repair. Surgical findings. Three family members (I-7, II-8 and I&14), including one examined by us (II-@, had severe supravalvular aortic stenosis that required surgical correction before the time of our study. Patient I-7 did not have medical records available, but the patient's cardiologist reported that this patient had had surgical repair of supravalvular aortic stenosis. At 12 years of age, member II-8 underwent repair of severe supravalvular aortic stenosis, having a peak to peak gradient of 98 mm Hg at cardiac catheterization. She also had mild peripheral pulmonary stenosis with a peak to peak gradient of 40 mm Hg. At the time of this study, she had no echocardiographic evidence of residual aortic stenosis, but the ascending aortic peak flow velocity remained above normal (2.0 m/s). Patient II-14 had repair of severe supravalvular aortic stenosis with a preoperative peak to peak gradient of 100 mm Hg demonstrated at catheterization. All three patients who underwent operation are currently doing well.
Cardiovascular examination. Twenty patients were examined by one of us (R.H.F.) during the study. Eleven members had a cardiac murmur (six with grade 216, four with grade 3/6 and one with grade 4/6), including one patient (grade 2/6) who had a normal echocardiogram. One of the 20 (111-9) had a previously undiagnosed small secundum atria1 septal defect, the only intracardiac lesion noted in this family. One mildly affected patient had no murmur. The murmur was grade 2/6 in one significantly affected patient (111-12) and three mildly affected patients. No patient had significant difference in systolic blood pressure between the right and left arm.
Echocardiographic examination. Of 20 patients having echocardiographic examinations and 3 who had echocardiograms reviewed, 10 were classified in group 1 (normal ascending aorta; example Fig. 2 , member W-9), 5 in group 2 (mildly affected; example Fig. 3 , member B-6), 7 in group 3 (significantly affected; example Fig. 4, member 111-12 ). One patient (11-8) who had previous repair of her supravalvular aortic stenosis was not classified; her findings were already described. Peak ascending aorta systolic flow velocity was 1.4 * 0.4 forgroup 1, 1.9 + 0.3 for group 2 and 3.3 t 0.5 m/s for group 3. Maximal instantaneous gradient was calculated by the modified Bernoulli equation to be 8.7 -t 3.5. 14.7 * 3.9 and 44.4 ? 12.3 mm Hg, respectively, and mean gradient was 3.0 ? 1.0,5.4 ? 2.6 and 17.9 +-6.5 mm Hg, respectively. Eleven patients, including one patient without significant narrowing of the ascending aorta, had mild left ventricular hypertrophy as demonstrated by a thickened left ventricular posterior wall. All patients with two-dimensional echocardiographic evidence of localized narrowing and two in group 1 had measurements of the ascending aorta below the normal range based on M-mode established normal values for the aortic root. The most mildly affected patient was a 71 year old man (l-l) with two-dimensional echocardiographic evidence of calcification in the ascending aorta and aortic flow velocity at the upper limit of normal.
Four members, including one who had normal ascending aortic flow velocity, had two-dimensional echocardiographic findings of mild narrowing of the peripheral pulmonary arteries and eight affected patients had increased pulmonary artery flow velocity (>0.9 m/s in adults and >l.l m/s in children).
Genetic analysis and noncardiac findings. As demonstrated by the family pedigree (Fig. l) , findings were consis- from a patient with very mild supravalvular aortic stenosis (group 2, member 11-6). Arrows = sinotubular junction of ascending aorta (AO); LA = left atrium.
tent with an autosomal dominant inheritance, there being I5 of the 34 members known to be affected and a suggestion of involvement in 4 others. As described in detail elsewhere (IO), no family member had other characteristic somatic features of Williams syndrome, such as growth deficiency, microcephaly, periorbital fullness, epicanthal folds, strabismus or protruding lips. All family members were of normal intelligence and had normal anthropometric measurements. For five members tested by standard methods. the intelligence quotients ranged from 102 to 107. No patient had a known history of infantile hypercalcemia.
Discussion
Inheritance of familial supravaivular aortic stenosis. Mencarelli (1 I) described the lesion and coined the term "supravalvular aortic stenosis " in 1930. In 1958, Denie and Verheugt (12) made the first clinical diagnosis of supravalvular aortic stenosis based on catheterization data. In 1961, Williams et al. (13) described the association of supravalvular aortic stenosis with mental retardation and characteristic facies in a syndrome that is now known as Williams syndrome. There is controversy over whether Williams syndrome and isolated familial supravalvular aortic stenosis represent different expressions of the same genetic defect (14).
Autosomal dominant inheritance of isolated supravalvular aortic stenosis has been demonstrated (l-7), and incomplete penetrance has been reported. However, typically only a minority of family members have undergone direct visualization of the aortic root or measurement of pressures.
Findings of present study. This study, in which twodimensional and Doppler echocardiography were used to screen most members of a 34 member family, demonstrates an autosomal dominant pattern of inheritance but also demonstrates, in this family, complete penetrance. Expression of this disorder in this family was widely variable, ranging from the three members who required surgical repair to five members in group 2 who had very mild manifestation and probably would not have been conclusively identified by clinical screening. Because four patients with supravalvular aortic stenosis had a grade 2 nonspecific systolic murmur and one minimally affected patient had no murmur identified, one might postulate that the stenosis of these very mildly affected patients would not have been identified before Doppler echocardiography became available, and this hypothesis would explain the relative paucity of affected patients in previously reported families. Furthermore, even severe supravalvular aortic stenosis can be present without an associated murmur (13). It has also been noted that patients with mild supravalvular aortic stenosis can develop more severe stenosis or significant peripheral vessel stenosis. Thus, patients' relatives with minor or no significant clinical findings would benefit from two-dimensional Doppler echocardiography.
None of our family members had other characteristics of Williams syndrome; thus, in this large family, supravalvular aortic stenosis does not appear to represent a mild form of Williams syndrome (10).
Implications for offspring. The presence of minimal echocardiographic findings in some family members does not mean that the offspring of these members will have only mild disease. Four of five mildly affected patients (I-2, 11-6, II-7 and 11-9) have offspring with moderate or severe stenosis.
Comments concerning echocardiographic screening. The complementary role of two-dimensional and Doppler echocardiography in assessing the presence and severity of supravalvular aortic stenosis in this family should be emphasized. Figures 3 and 4 demonstrate this; each member appears to show a similar degree of stenosis on twodimensional imaging in the anteroposterior dimension, but Doppler flow velocities clearly demonstrate more severe stenosis in the patient in Figure 4 . Because aortic valve abnormalities were not observed in any member and because heart rates were similar, the disparity likely represents differences in aortic diameter in planes not measured (such as right to left).
In screening studies and especially during the assessment of patients with borderline involvement, the use of two separate tests (Doppler echocardiography and two-dimensional imaging) is helpful in achieving high sensitivity, specificity and quantitation of severity of disease.
Conclusions. On the basis of previous reports and the results of this study, we conclude that 1) two-dimensional Doppler echocardiography is useful in screening family members of patients with supravalvular aortic stenosis, allowing identification of affected members and providing NONSYNDROMIC SUPRAVALVULAR AORTIC STENOSIS adequate estimate of disease severity; and 2) siblings and parents of all patients with supravalvular aortic stenosis should receive careful cardiovascular examination, perhaps including echocardiography. Such information will allow accurate genetic counseling, initiation of bacterial endocarditis prophylaxis in appropriate patients and detection of unidentified patients with clinically important disease. Finally, because the children of minimally affected patients may be more severely affected, caution is in order when counseling apparently unaffected patients about the risk of disease in offspring.
